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PREFACE '

This report although prepared by the authors, represents the efforts of
many groups over the past several months. The results of these efforts
will be a successful Lunar Hover and Landing Simulation Program. The
following LEM groups contribuﬁ? greatly to the simulation program:

Crew Systems

Dynamics and Performance
Weights

Flight Controls

In addition to the above LEM groups, the Engineering Research Depart-
ment provided analog computers, computer programmers, and the motion
simulator for the progrem; the Flight Test Instrumentation Department
provided instrumentation support for the simulation.

Particular appreciation is expressed for the individual contributions

of P, Kelly, Dynamics and Performance Group, for his preparation of the
simplified flight control system dynemics; S. Salina, Weights Group,

for their preparation of the vehicle mass and inertial properties;

M. Housner, Engineering Research Department, for his preparation of the
problem for the analog computer; R. Moncsko, Flight Test Instrumentation
Department, for his preparation of the cockpit display instrumentation
and data recording equlpment, and to the numerous other personnel assist-
ing in this program.
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GRUMMAN ATRCRAFT ENGINEFRING CORPORATION

DETATLED PRESIMULATION REPORT

FOR PHASE A

LUNAR HOVER AND LANDING SIMULATION

[}

SUMMARY

This simulation program will cover the terminal phase of the LEM descent
to the lunar surface. The simulation program begins with the LEM at

the hover altitude (1,000 ft. above lunar surface) and ends at such time
as the LEM vehicle touches down on the lunar surface. The primary objec-
tives of the simulation program are to determine the basic handling qual-

f, ities of the vehicle and to determine the degree of control required for

man to fulfill the required functions of the mission. This simulation
will utilize an analog computer to solve the six degree of freedom equa.-
tions that describe the vehicle dynamics, a motion device will present
dynamic cues to the subject, a visual display and cockpit instruments
will give visual cues to the subject and cockpit controls will allow
the subject to exercise control over the simulated situation.

The study programs to be conducted during this simulation have been out-
lined by the various System and Sub-System groups. These study programs
have been integrated into an overall test program by the Crew Systems
Group. - The design problems which will be investigated are as follows:

l) Vehicle configuration based upon considerstion of descent
engine control (gimbaled vs. non-gimbaled) and Reaction
Control System operation (rate commanded proportional
system vs. direct on-off system). These studies should
give an indication of on-board fuel requirements.

2) Vehicle control system configuration as applied to
Manual Control and Flying Qualtities analysis. This
study should be designed to determine +the amount of
manual control desired and required to fulfill the
requirements of the mission. In addition, it should
furnish preliminary information for the development of
a suitable flight controls system. The Flight Controls
Group has supplied a basic control system for inclusion
in the simulation. This system will be expanded to
furnish desired information as the actual control system
develops

3) The degree of automatic control feasible will be studied
by a series of experiments. The prime consideration in
this study will be a trade-off investigation of sutomatic
control vs. other semi-automatic and manual modes of con-
trol. This investigation should also give an indication
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of the on-board fuel requirements.

© It is the intention of the simulation program to include revisions,
- changes, and modifications as they occur in the design of the LEM

vehicle and yet maintain an overall integrity to the simulation study.

- Toward this end, various groups within the LEM organization have been

requested to supply new information and requirements to the System
Simulation Group as soon as they are generated.

‘Data from the simulation will be recorded in both analog and digital
- form. The quantities that are to be used for quantative analysis will

be presented in analog form and those required for qualitative analysis
will be recorded in digital form. Because this is primarily an analog
simulation, conversion equipment will be used to sample the analog
voltage and convert it to digital form., This digital equivalent of the
analog voltage will then be recorded on either punched  paper tape or
magnetic tape. This data would then be processed at a later time and

- eompiled into a suitable working format.

The Hover and Landing Simulation program is scheduled to begin opera-
tion in early March 1963 and run through the end of April 1963
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ASSUMPTIONS

1) To enable the Hover and Landing Simulation to be operational as
quickly as possible and yet fulfill the major primary reguirements,
certain assumptions have had to be made. These assumptions have
been made so thet the computer program may be kept to a reasonable
gize and complexity. It is assumed that the hover and landing
program will begin after the pilot has selected his landing site.
In effect the hover maneuver is Just about terminated. With the
landing site acquired the pilot is ready to begin his descent from
hover. The simulator program will have as initial conditions what-
ever informstion is necessary to establish the location of the
landing site and the relatlve position of the LIM vehlcle to that
landing site.

. 2) Some type of on-board system to calculate the ground track, target

range, vehicle altitude, vehicle-target heading error and other
such quantities have been assumed. These items would most probably
be calculated by the on-board guidance system in the actual vehicle.
Because these studies are to be conducted assuming that the pilot
is using a visual contact mode of descent, there has been no attempt
to include a guidance scheme any more complex than that which would
be necessary to drive the instruments of the motion device. In
reality, these would probably be a radar to give altitude and other
measuring devices for the remaining instrument drives. As far as
the simulation is concerned, all of the required items that must

be displayed to the subject are available from the geometry of the
system. The required instrument drives are created as an integral
part of the computer program and then spplied to the proper display
in the cockpit.

" 3) The inertial coupling effects of the main engine gimbaling have not

been introduced in the development of the defining equations beczuse
of a) the increased degrees of freedom associated with these terms
and b) the resulting size and complexity of the computer program
should these terms be included.

4) The misaligmments of the Reaction Control System jets, as caused
by mapufacturing inaccuracies, have been assumed negligible.

5) The ILEM vehicle is considered to be a rigid body. This assumption
does not allow for any deflection or settling of the vehicle as
is touches the lunar surface. The landing gear deflection problem
will be investigated in another simulation program.

6) The reaction control jets that would impart a translation in the
positive and negative x direction are not to be used for transla-
tion. This is assumed because for this portion of the mission
the main engine is operating and is throttlable. The use of the
throttle would allow the vehicle to ascend or descend and this is
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equivalent to a translation in the positive and negetive x direction.
If the x axis reaction jets were used for translation they would not
add significantly to the total thrust available,

7) At no time will the reaction control system be called upon to per-
form both a translation and rotation maneuver at one and the same
time. This assumption is required in order to allow the computer
program to remain at a reasonable level of complexity for the first
sigulation. It doesn't seem likely that the pilot would want to
perform both a rotation and translation at the same time in the
similated Hover and Landing portion of the mission.

GENERAL

\
The proposed simulation progrem for the Hover and landing portion of the

. LEM missien has been divided into two Phases. PHASE A is to provide
- various LEM engineering groups with information that will help determine

major design parameters. The PHASE A simulation will be conducted using
the Grummen Aircraft Engineering Corporation's Research Department Motion
Device. This simulation is scheduled to begin in March 1963 and continue
through April 1963. The second portion of the Hover and Landing simula-
tion program, PHASE B, will incorporate all LEM design improvements and
modifications. The PHASE B effort will be directed primarily toward
actual training and hardware check-out. This PHASE B simulation is
scheduled to begin operation in February 196k,

The PHASE A simulation will be a manned study to determine various major
design parameters of interest to the Flight Control, Dynamics, Navigation
and Guidance, Weights and Crew Systems Groups. The first simulation that
will be performed shall investigate the basic handling qualities of the
present LEM configuration. Provision has been made through the coopera-
tion of the Structures Group to keep the computer program current with
the vehicle configuration at various stages of development. As the
geometry of the vehicle changes the Structures Group will notify the
Systems Simulation Group and at the appropriate time the simulation will
be updated to conform with the design changes. It must be pointed out
that should the Crew Systems CGroup be running a series of experiments

_ such that any change in the computer program would effect the validity

of the results, these changes will be made at the first appropriate
opportunity. It is the intention of the PHASE A simulation program
to allow for as much flexibility as possible and yet keep a reasonable
size and complexity.

There will be no attempt to study the visibility limitations of the LEM
vehicle because the Motion Device is a single seat unit and the actual

LEM is a two place module. In order to accurately investigate the
visibility problems, a two place crew station is required. The visibility
problems will be investigated at a later date with the aid of a two place
crew station or its equivalent.
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There will be no attempt to study abort trajectories during the PHASE

A simulation program., An abort trajectory analysis would probably re-
quire the LEM vehicle to experience larger and more violent marnuvers
than would be studied in a preliminary analysis of the vehicle handling
gqualities. There is also the possibility that these mesnuvers would
exceed the limits of the motion device. Should the limits of the mo-
tion device be exceeded then the computer would be placed into reset
and at that point the computer solution would end, It should be pointed
out that the Hover and landing simulation will give an indication of
abort mamivering capability during the descent from hover portion of the
LEM mission, should it be desired.

The study programs to be conducted in PHASE A will be outlined by the
respective groups and will be iuntegrated into the overall simulation
plan by the Crew Systems Group. Every attempt will be made to provide
the required data in a form that will be most meaningful and useful to
the specific group that has requested it. At present, it is planned
to provide both analog and digital data outputs.

The Crew Systems Group has prepared an experimental test program. This
test program is divided into two major parts (manned and ummanned).

The data to be recorded in the manned simulations will be directed to-
ward improving the man - vehicle relationship. The unmanned mode of op-
eration will be used to evaluate various modes of automatic operation.
The PHASE A program places most of the emphasis on the manned program.
Various modes of control system configuration will be used to evaluate
the subjects ability to fulfill the reguirements of a safe landing on

the lunar surface.

. The Dynamics Group has prepared the necessary equations for simulating
.the vehicle dynsmics. These equations are written in general form and

contain the full six degrees of freedom. At present an analysis is
being conducted to determine if any of the terms are of such small mag-
nitude that they may be safely neglected in the simulation. The roll,
yaw and pitch order of rotation used in the development of the equa-
tions, although contrasting with the standard LEM sequence of pitch,
vaw and roll (as per LIM ENGINEERING MEMO 1500-M03-2) was necessary to
accomodate the motion device and visual display. The motion device and
visual display first presents roll to the subject in the form of a left-
right translation of the lunar landscape on a TV type projection screen.
Yaw is then accomplished by differential linear vertical translations.
These translations take place on the two forward posts of the motion
device. The cockpit is then pitched by means of a third vertical trans-
lation on the post aft of the seat. This pitch motion is accomplished
about the carried pitch axis. If the seat were pitched prior to yaw
(in the standard LEM Buler angle sequence) this would necessitate trans-
lations in a direction other than vertical in order to accomodate yaw

.about the carried yaw axis. The presently available motion device is
capable of only vertical translations.

For a complete description of the motion device the reader is. directed
to a report issued by the Research Department concerning this device,

rerorT  LEDBT0-1
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'“The actual equations that are used in the simulation are written in

general form and are in agreement with those in WADD TROHNICAL REPORT
60-781, Buler angle rotation equations were derived by means of matrix

and vector methods. The system equations take into account jet damping
effects (as per WADD TECHNICAL REPORT 60-781), a gimbaled main engine,
changing moments of inertia, products of inertia (where significant),

" and C.G. location due to propellent burning. Calculations of Range,
 Azimuth end Elevation angles, and Linanofmsight variables (Heading
‘Frror, Line-of-Sight, Ground Track and Normal and Tangential Velocity

cqmpanﬂnts) are included to meet the requiraments of the usual display

‘and-cockpit instruments.

jThe required Reaction Control System Equations were also developed by

the Dynamics Group. These equations assumed that all Jets are activated
in pairs for translation and rotation, thus disqualifying the case of

unbalsnced torques other than those induced by the translational or ro-
» tatdional mamuver,

The Flight Controls Group is developing an experimental test program

to determine the required information on the basic handling qualities
of the vehicle. This test program will be integrated with the one
developed by the Crew System Group. This integration is necessary to
properly determine the man-vehicle performance. The data obtained for
the Flight Controls Group will be of primary value in determining some
of the Sub-System design parameters.

In order to adequately determine the LFM manuvering capabilities and
handling qualties, severasl extreme landing procedures are postulated.
These inelude a 1000 £t. minimum time translation using a maximum
vehicle attitude of 15 degrees in pitch,and a minimum time vertical
descent from a 2000 ft. altitude. The scaling in the simulation should
be capable of providing the above requirements. In these manuvers con-
ducted for the Flight Controls Group as well as for all other experi-
ments the primary technique for translation control will be provided by
pitching the vehicle and utilizing a component of the main engine thrust
vector.

The Navigation and Cuidance Group has been consulted to determine if the
method of calculation for quantities that drive the cockpit instruments
violates any of the guldance schemes under consideration. Information
from them indicates that the method used to obtain these guantities is
gatisfactory for use at this time, If any developments should change
this decision the Navigation and Guidance Group will notify the System
Simulation Group and the proper chenges will be made to the simulation
program, '

The Weights Group has provided the mass and inertia properties for the
~simlation of the LIM vehicle., This data gives the nominal value and
an expected renge for the values. The simulation program is set up to
“handle the ranges as specified by the Weights Group. This group has

also been advised to keep the System Simulation Group informed should
the v%lu@s under consideration exceed the presently specified maximum
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or minimm value.

The required ranges of the variable and parameter values that are nec-
essary for the simulation program: have been supplied by the. various

groups directly concerned with them. These groups have also been di-
rected to supply any change in range or velue to the Simulation Group

for inclusion in the simulation program as it is updated.

These changes are necessary if the similation program is to remain
current with the acutal LEM design configuration as it develops and

is firmed up. Every attempt will be made to update the simulation as
often as possible and yebt maintain the overall integrity of the prepared
schedule of experiments.

COCKRIT INSTRUMENTATION

’The motion device cockpit instrumentation consists of both panel instru-~

ments and vehiecle flight controls. The panel instruments, consist of
both synchro and galvanometer type Ilnstruments. The vehicle {light con-
trols are composed of an engine throttle and a three axis controller.
The panel instruments provide visual cues to the pilot and the flight

‘ “contrbls allow the subject to exercise control over the simulated

gsituation. The quantities displayed to the subject via the instrument
panel and the type of instrument used are as follows:

QUANTITY DISPLAYED INSTRUMENT TYPE
Range to go synchro
Heading error synchro
Roll angle synchro
Yaw angle synchro
Pitch angle - synchro
Closing translastional rate meter
Iateral translational rate ‘ meter
Vertical velocity , meter
Roll rate ' meter
Yew rate meter
Pitch rate ' meter

The vehicle flight controls that are present in the motion device cock-
pit are a main engine throttle and a three-axis fingertip controller.
The fingertip controller allows for the control of the Reaction Control
System jets to provide attitude control of the vehicle. The yaw alti-
tude is controlled by a left-right movement of the controller arm, the
pitch attitude is controlled by a fore and aft motion of the arm and
the roll is controlled by twisting the controller arm. The three axis
controller is mounted on the right side of the cockplt and an arm rest
is provided to insure that the controller is operated in the correct
manner prescribed for a fingertip controller. If necessary, provision
has been made to physically restrain the subjects forearm so that he

repor  LEDSTO-1L
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may use only his fingertips in the operation of the controller.

The throttle control allows the main engine thrust level to be contin-
uously variable from minimum thrust (1050 pounds) to maximum thrust
(10,500 pounds). The motion of the throttle is fore and aft. The full
forward position is eguivalent to the maximm thrust and the full aft
position represents minimum thrust, There is a four way switch mounted
atop the throttle handle and this device gontrols relays that allow

the ‘reaction jets to be used for translation in the Y-Z plane of the
system. This translation is in the fore and aft as well as the gide

to side direction. The main engine throttle control is located to the

left of the pilot and opposite the fingertip controller

It should be pointed out that there is no provision for the institution
of both a translation and rotation at the sasme time using only the re-
action jets. The computer will not process these commands if they occur
similtanecusly. The training schedule for the pilots will insure that

-they observe the requirement of commanding either a translation or ro-

tation but not both at the same time.

It has been requested that the use of reaction Jets for translation im-
part no rotation to the simulation and that when they are used for ro-
tation that there be no translation introduced into the system. This
request has been honored and the system will operate in the desired
manner,

There are three toggle switches that are mounted on the instrument panel.
These switches allow the roll, yaw and pitch attitude control jets to
be operated in either the rate commanded proportioned mode or the direct
on-off mode. The rete commanded proportional mode is a simplifiled form
of a pulse width and pulse frequency modulated control system. The
initial mininmum pulse bit is increased in frequency until the limit fre-
quency of the system is reached. At such time as this occurs the pulse
width is increased at that frequency until finally the reaction control
jet is on all of the time. In the simmlation program a function that
represents the impulse of the control system is used and the area of

the simulated function is equivalent to the area of the pulses that
would be present should the actual pulse train be generated and then
integrated.

The direct on-off mode when selected will be a bang - bang type of
operation, As soon ag the controller is moved out of the dead-band
the reaction jets affected will be turned on. The actual controller
being used is spring loaded to the neutral position. If the controller
is displaced and then released it will return to the neutral position
because of the restoring force presented by the spings attached to the
controller arm, »

EQUIPMENT

The equipment that will be used for the actual simuilation is composed
of two analog computers, a motion device and a visual display.

: 570-1
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COMPUTATION

. i The analog computers are used to solve the six degree of freedom equations
i and to accomplish the various calculations that would be normally per-

3 ~ formed on~board the actual vehicle, The calculated values are then ap-
‘plied to the motion device, cockpit instruments and visual display to
present. the subject with the simulated situation. The subject then

. : interprets these cues and determines what control actions if any should
e ' be taken. If a control function is indicated then the subject will per-
. e form the task with the controls present in the simlator cockpit. These
"control actions are then applied to the computer. The camputer then
operates on these inputs and presents the new situation to the subject.
This method of operation continues until a landing on the lunar surface
has been accampolished.

g \
“, : VISUAL DISFLAY

£ ~ . The visual display presents a lunar landscape to the subject. The

5 . . landscape is drawn on a flat metal plate and placed in the system.

A | There is a light source that is moved vertically as a function of

' vehicle altitude. As the vehicle descends toward the lunar surface

the light source is driven toward the image plate. The motion simu-
lates the visual equivaleant of an actual descent, The simulation of
roll is accomplished by a rotation of the lunar landscape. The image
table of the visual display is servo driven and rotates in conjunction
with the roll angle calculated in the computer and displayed in the
cockpit. The visual display is also capable of lateral and longitud-
inal translation. In reality the visual display presents four of the
simulated six degrees of freedom (three translational degrees of free-
com and one rotational degree of freedom).

MOTION DEVICE

’ The motion device is used to present the remaining rotational degrees of
freedom to the subject. The motion device is driven from a safety con-
sole that is in close proximity to the actual motion device. Under

¢ . moymel operation the safety console is merely an interface between the
- motion device and the computers. In the event of a failure or other

- ' sueh elrcumstance the safety console has control over the entire simu-
lation and is capable of terminating it at any point of the run, This
safety console actually begins the simulation operation so as to insure
the safety of the subject. Because the computers are located in a room
rémoved from the motion device an intercom is provided to insure that
the safety of the subject is maintained.

Rt

. The motion device is capable of providing plus and minus 15 degrees of
~pitch and plus and minus 25 degrees of yaw. The yaw motion is defined
in term of the LEM axis system. If this were referenced to the normal

(TISST 90
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aircraft axis system the pitch definition would remain unchanged but
the anginlar displacement that is defined as yaw for the LEM would be-
come roll. These angular motions are accomp-lished in conjunction with
3 plus ‘or minus 3 foot vertical motion., For a detailed description of
the motion device the reader is referred to a Grumman Research Depart-
ment publication entitled "The Crumman Motion Simulator".

DATA OUTPUT °

The main function of the simulation program is to provide meaningful
data to the various LEM engineering groups that have requested some
experimental design parameters and also to provide Crew Systems with
data that would be helpful in determining the man-vehicle performance
and requirements. The data will be recorded in both analog and digital
form. The analog data will be used for guantative analysis and the

digital data will be used to perform gualitative analysis. This data

will be presented to the respective engineering groups in a form that
will aid them in their analysis of the vehicle. The actual detailed
analysis will be conducted by the respective System and Sub-System
engineering Groups. :

The analog data will be in the form of time history recordings. [hese
recordings present numerous variables recorded as functlons of time.

The anslog recorders begin operation at the beginning of the simulator
run and stop at such time as the run is completed. The outputs of each
run that are recorded in this manner are available immediately for ob-
servation and preliminary analysis. The quantities that are recorded
as time histories are those that are required to determine the dynamic
behavior of the vehicle as well as those which are required to determine

_if the subject has performed the mission within the major limits of the
- experiment design. The time history recordings also give an indication
" as to the basic frequencies that may be encountered in various modes of
" operation.

¥

The digital output will be formed by sampling various quantities in
the simulation, converting them to digital form with the use of analog
to-digital converters, recording this data on paper or magnetic tape
and finally by printing out the prepared date tape. This data will not
be immediately available for use as there is a time factor required for
the processing of the tape to printed format. This time factor should
not be of significant effect to the overall anslysis of the system.

The reason for the delay in the processing of the data tepe is that it

~is more time consuming than the actusl recording time. It appears to
‘be more efficient to process a group of runs that have been performed
‘as the experiment schedule defines them and publish all of the data

concerned with that section of the experimental test plan. Another
factor which dictates this mode of operation is that it is more desire-
able to store one reasonably large roll of recorded data rather than
many small ones. It is also easier to perform data analysis when one
has available a group of related runs rather than a number.of indepen-
dent or effectively independent runs.

repoRr  LED 5T70-1
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EXPERIMENTAL TEST PLAN

The experimental test plan has been prepared by the Crew Systems Group.
This test plan incorporates the basic requirements of all the LEM en-
gineering groups that have requested data from the Hover and Landing
Simulation program. A discussion of the experimental test plan and the
test plan as developed by Crew Systems follows:

STUDY OUTLINE
LUNAR LANDING SIMULATION

I. Purpose -

This study i1s intended to determine those LEM vehicle handling
characteristics which will provide the optimum control configuration
v | that allows the pilot to guide the vehicle to a successiul lunar

i B ’ landing. For this initial phase of study, variations will be intro-
ks 4o % duecpd in the Reaction Control System Modes, main engine configuration
o employed and in the damping ratios of one of the RCS modes.

The landing phase for purposes of the LEM mission is initiated at

a hover altitude of 1000 £t, and within a 1000 ft. horizontal dis-
placement from the target area, selected for touchdown. The vehicle
would be mamually guided by the pilot throughout this phase, since
conditions and characteristics of the lunar terrain could not rea-
sonably be anticipated in precise enough detail to allow an auto-
matically controlled descent. Even if such a sutomatic guidance
system were employed, its failure to function would still require

a suitably designed manual control system to allow the pilot to
effect a landing within a specific performance envelope.

The results of the present study should aid in developing optimum
yehicle control characteristics and in defining those aspects of
the manual control system vhich require more detailed study in the
later simulation phases.

II Method -

The experimental variables to be studied and the way in which they
will be varied are as follows:

1. RCS Mode:

a. Proportional Mode - Rate command proportional to attitude
controller position.

2 " b. Direct Mode - Non~proportional acceleration command, with
' acceleration rate constant. (On-Off Control)

IS8T 2poy
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1.

Main Engine Configuration:

a. Main engine gimballed
b. Main engine fixed

Horizontal Displacement from Target

a, Near - Initial position 200 £t. horizontal displacement.
b. TFar - Initial position 1000 ft. horizontal displacement.

Under only the proportional RCS mode, variation in damping
ratios will be introduced in the following way:

Damping Ratio - Four (4) sets of ratios, each with a set of
values established for pitch, roll and yaw (as shown in Teble I).

a. Low Ratio
b. Medium Ratio
c. High Ratio

d. Analytical Estimate (Best analytical estimate for optimum
damping ratio. )

Meggures of Pilot Performance

The following constitute the measures that will be obtained from
each simulation trial in order to evaluate control suitability
under the above experimental conditions:

a. Main Engi?e fuel consumed per foot of vehicle slant range.
(1v J£t)

b. RCS fuel comsumed per sq. ft. deviation from optimum flight
path.

¢. Total flight path deviations from an optimum path.

d. Total deviations from center of target area at touchdown.
e, Terminal resultant linear velocity and acceleration.

£, Terminal attitude and attitude rates.

g. Pilot evaluations of control configuration.

III Procedure -

Preliminagz

REPOR  TEDSTO-1
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Subjects will be given an indoctrination on the technigues of
luner landing, vehicle control modes, control characteristics,
utilization of the cockpit displays, ete. This is to be done
by: (a) Film, (b) Lecture and (<) introductian to the sim~
ulator and its handling qualities.

Following these there will be a:

Pre~Training Period - Each pillot will be required in pre-trial
training sessions to guide the vehicle to two successful lunar
landings. Once by use of the proportional RCS control mode and
once by use of the direct RCS mode. The initial position for
the pre-training runs will differ from the two positions selec-
ted for the experimental trials, Fach subject would complete

a minimm of 4 pre-training trials. The series of trials would
continue until the subject achieves the 2 successful landings
(one for each RCS control mode) and within a time criterion of
120 seconds., Initial conditions for each of the set of trials
is shown in Teble I,

The intent is to begin the experimental trials with subjects
equal to some degree, on landing skill., It is also assumed
that the time criterion can be met in a "reasonable" number of
pre~training trials.

Experimental Trialsg

A minimum of 3 subjects would be required, each of whom ‘would
complete 40 trials (20 conditions; 2 trials per condition for
each subject). Table II establishes the initial conditions
necessary for each run. It is intended that the first 20 trials,
for each subject, be carried out in the order shown and the next
set of 20 in reverse order. Following each trial, the subject
will evleuate the accptability of the control system on a Cooper
scale.

Five minute breaks sho@ld be allowed between every 6 or 7 trials
with a ten minute break after the first 20 trials.

Instructiong to the subjects would be as follows:

"Your task in each of the following trials is to land as near
the target ares as you can and as quickly as possible. Maintain
visual contact with the target area until you are 25 ft. above
the point of touchdown, at which time you will hover and descend
vertically to a landing.

You must sccomplish the landing as quickly as possible. On
tounching down your vertical velocity must be no greater than
10 feeﬁ per sec. Your horizontal velocity no greater than 5
feet per sec. with your attitude no greater than * 52 and an
angular rate no greater than 9°/sec. Certain control charac-
teristics will vary on each trial as will your starting position

REPORT IED‘jTO—
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above the target area, but the taskis still to land as neaxr the
target as you can and to touchdown ag qumckly as poasible.“ .

IV IDnta Analysis

The design of the study is shownr in Tabl&fIiI.

Two separate statistical analyses are required. One is a comparison
of PEngine Confiugration; Damping ' Ratio and Target Displacement for
the RCS Proportional Mode (2 x & x 2 = 16 conditions). The second
analysis is a comparison of Direct and Proportional RCS modes, Englne
Configuration and Target Displacement (2 x 2 x 2 = 8 condition).

These data allow for determinations of which (if any) of the varia-
tions of the experimental conditions yield superior landing control
by the pilot (e.g., whether gimballed engine is significantly
superior to fixed engine; proportional RCS mode superior to Direct
Mode, etc.). In addition it will be possible to determine whether
several variables interact in a significant manner (e.g., whether
a given target displacement in conjunction with a given engine con-
Tiguration and RCS mode results in a sigunificant effect on achiev-
ing land). The relationships between damping ratio level and the
various performance measures will also be b tained.

In addition, reliability values will be obtained for the Cooper
rating scales and the scale scores will be correlated with each of
the performance measures,

report  LEDS5TO-1
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SUMMARY OF DEAD-BANDS, GAINS, & TIME

CONSTANTS 70 BE INVESTIGATED

ANALYSIS EST.

B (High) runs 2, 3, 5, 6, 7, 11, 13, 16

D (Low) runs 2, 6, 11, 12, 14, 15, 16, 19

A (Medien) runs 1, 2, 6, 9, 11, 16, 17, 18

C.(Analysis) runs 2, 4, 6, 8, 10, 11, 16, 20

REPORT

K 1.590

n 0,090 0.061 0,090

Te 0.0k0 0.0k0 0.040

ky 0.000 0.000 0.000

K, 0,150 0.150 0.150 0.150
K, 10,000 10.000 10.000 10.000
Kpg 0.784 1..000 0.392 0.196
KP¢ 0.500 0.339 0.500 1.000
Keo 0.78h 1.000 0.392 0.196
Kpg 0.500 0.339 0.500 1.000
Koy 0.784 1.000 0.392 0.196
Koy 0.500 0.339 0.500 1.000
Sequences 8

LED 570-1

h Moweah 1042



o e o e I R e . — -

Q n_ O Q n.UI.UM 1zro-1
Ot
SO DR 1550 S bputpz | Z 21
TR e A bl | Nipw| ©1Sd| o
s oz |s2 | seleos > Y | Lod |9
52| sz| 52| se|oos | | ‘@ |20 8
©'¢cl os| o5 | ©'C| o/ | 7, 3 +00 | @
0%l5 |0¥L9- [0+ /9 |opLe]| LEE |95 | ¥ Sla| 9
: e : - Y MRS
244400 | 2hbhoo’| 2 $b 00" uwiom 26%b~| 49/, 2AhT ocwﬂw%mm a
Ob1o |0F10" | opiot| @10 O | #%, | **1 | 224 |
N 3 t . -
178100 | /2BLo0 Fzco0’ | [28L0'| (2 w..n... +°Y \S,H Mwam g
o5y |ors|oLsy [oLsaloLgg| +»o% | 7T | L¥d) 9|
« SEEREREDRERER RSN R
SISk VNY| A2 7985 | z985'| 2785 | 27827985 | »°/, | 771 |BEd | B |
s | 1sot | © O [+leo0| R |*Pses| ooB| G
Q2sL' | 928 L -, O | 0SIbO ] [Wegws Sid|
O O o Q o |°% | m Lid} 3
052e | 0522 0822 |0s22” ST | %%, ¢ | Bld| 3
c | o|l ol o| o %% ©| 714]°?
“"““"“HW“H,“
- + & 2 T ‘ . Son Wr‘..
AL 714 A\\r RWINLEY |V 2dy VLY M2y | apwA | 3v0S 108WhAs +-°d Via
~TT S SNT=ELF > 24 ;
0 . : ; ™~ Py /..LH% LNIlaWNYh N,_WPZJJ | fv1




| * i
i B ! ”
€96T UOIBN 4 CEIVT , : w j
T-0LSQaN (I¥OdTY W
m |
. M
i i
| o i
i e :
w Lo w m
! i i :
{ i p
| P i
| i M m
- ; t
: i :
w i ; M
! P |
| Pt
{ H
m w !
| | |
m M w ‘
; '
| w
L : 1
_ ; ; ) ' : e
=y | IH AW (MOT - AV ! TH | @l MOT a7 IH | @odc MOT - HV L IH @ MOT
. o139y outdweq - 0T3Cy Juidmed cTaey Jutdwed 0798y Jutdmed
1951 Q00T 399d 002 1399J 000T 3934 00C 3934 0001 m 1333 0028 N 7998 000T 3931 002
quomeosTdsT 393I8], quawsoetdstg 493x8] quauaosTdsTq 393I8Y ; queweoBTdsSTQ 398x8],
POTTBOWTD SuUTBug UTB PIXTJ SuTdumy usi paTTeqWTd duTdug UTBH W paxTg Sutdug UTBH
IAOW ToTYIa ' JAOH TYHOIIHOJIONd

IVId TVLITINTEAd X

e 11T TIEVdL
o o
JT o%8=I



PAGE 18

CONCLUSION

The Hover and Landing Simulation program has been designed and developed
to fulfill all of the basic requirements for an engineering design pro-
grem and where possible has been expanded to permit more extensive ex-
perimental study. Because this is a basic design study there has been
no attempt to instrument the simulator with the actual instruments that
will be on-board the vehicle., Instead the major effort has been ex-
panded on the development of the equations., These equations have been
developed in a manner such that all of the requested experiments are
able to be performed with a minimum of delay between them. Parameters
have been kept separate where possible in order to allow for the rapid
changes from one set of conditions to another, The instruments have
been studied and found to perform adequately for the type of experiments
being conducted,

The simulation program as it is presently designed and the experimental

test plan as set up, should adequately fulfill all of the initial requested
parameter studies as indicated by the various LEM engineering groups.

During the simulation program it is expected that additional study areas
‘will be uncovered and integrated into the overall test program. As this simu
lation is basically an engineering design program additional study require-
ments will also be generated as actual vehicle design progresses. It is
presently anticipated that the following areas will be investlgated during
the Phase A Simulation program.

1) Flight Control studies conmsisting of
a) Control Power Variation
b) Anagular Velocity Damping
e¢) Altitude Hold Dead-Band
d) Rate (Stab. Augment) Dead-Band
e) Controller Dead-~bands and Sensitivity

2) Abort sequencing during landing

3) Simulsted malfunctions such as engine gimbal run-away, loss of
rate feedback, RCS failure modes, instrument display failures, etc.

b} Investigation of various Lunar landing techniques, manned and
unmanned operation.

5) Investigation of a fully proportional gimballed descent engine
for maneuvering.

6) Use of Phase A landing similation to simulate portion of powered
descent trajectory fram 20 miles down to hover point. BEvaluation
of various radar schemes to be used for the descent trajectoxy.

report  LEDSTO-1
DATE I March 1963
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- APPENDICIES

The following is a list of appendices included in this report. These
appendices are normally generated during the build up of a simulation
program and as such are in reality work sheets for the simulation pro-
blem. They are included in this report exactly as generated for the
similation program ag an indication of the method used in building the
Hover and landing Simulation program:

APPENDIX NO. : DESCRIPTION
I Fquation Summary for Hover and Ianding Simulation
IT Definition of Constant and Variable Quantities.
11T Definition of LEM éeametry and Schematic Computer
Flow Chart,
Iv Simplified Flow Diagrams

a) Flow Chart for System Equations
b) Interface Flow Diagram

v Summary of Defined Constant Values,
VI Summary of Variable and Parameter Scaling.
Vil Detailed Analog Computer Flow Chart.
VIII Analog Computer Program.
IX Analog Computer Parsmeter Sheets.
X Photographs of the Hover and Landing Simulator

a) Instrument Panel
b) Cockpit Layout
¢) Analog Computers.

XI Comparison of LEM Flight Controls System and
Flight Controls System used for Lumar Landing
Simulation

report  LEDSTO-1
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APPENDIX NO, I

EQUATION SUMMARY FOR HOVER AND LANDING SIMULATION
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SUMIIRRY - nE
E QURATIONS FoR TPHASE "R
LUNAR HOVER ANP _LAND/NG SIMULATION

NoTE < 77/& EULER ORDER OF ROTATION |S DEFINED 70 BE &Y 0,
THIS /S R DEPRRTURE FRoM 7#HE ORDER USED (N 7#HE RENDEZVOUS
AND DockinG SIMULATBN, 74/S DEPARTURE S NECESSARY TBECAUSE
THERE RRE TRESTRICTIon'S [N TZHE FPRESENTLY AVAILABLE MOTIoN
DEVICE T7HRT MUST BE RESPECT EPD.

L.
‘BODY AXIs TRANSLATIoN EQUATIONS
By= 72 (b-Ur +wg) +mgk,
By=m (r-wp+ur) +mgm, -2+l
‘Bg= mlir - ug+zp) + 229 72 + 2 72'25,}0
WHERE : |) ,0,) 72, , AMD 72, RRE DIRECTIoN COSINES.
2) g = MOON GRRAVATATIoMAL CONSTANT < Yg EARTH GRAVITY.
] N7 = MASS OF THE VEHWIKLE,
Vp, g, V0 r ARE TB0DY ROTATION VELOCITIES.
S,V AND W ARE BODY TRANSLATION VELOCITIES,
6)11,7)}ﬁND W ARE d/Jt OF W, U, Avd w RESPECTIVELY,
VBy, By, A¥D By ARE THE SUMMATION OF FORCES IN THE
2,y ,AND 4 (BODY AXES) DIRECTIONS RESPECTIVELY,
3)/?,, /S JTET DAMPING LENGTH = CONSTANT, (m-; Pz./y‘/vE)
o 9) 72 /s 7/ME RATE OF CHANGE OF VEN/CLE MASS
IL.

WEI-QTIHL 7RANSLATION EQ‘UHTIONS
Vo= A w + m,’v; + 2w
Vy= uw vV
Ve= w + 7 + 2 wr
where 2 ) 8,30y 3 bo3 7,377, 33 7,5 7, oD 72y ARE DIRECTION cosmes.,
2) W; U AvD W™ ARE BODY TRANSLATION VELOCITIES,

3N, 3V AWD Vo ARE THE YELOcITIES N THE X3Y AND E (INERTIAL)

DIRECTIONS RESPECTIVELY. " REPORT: TEBSTO-1
e DATE: Mareh 1963
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EQUATION SUMMARY FOR Havs& AND LANDING 5]MUL.P;TJDIJ cpurwueb

r.

DiRECTION COSINE EQUATIONS  ( EULER ORDER ¢f = —+0)
D = cosecosy

7 9,= cose sINV cosd + SINO SING
9,= cose sINVY SINZ -SINO cosd
7= — SIN ¥
m,= cos¥ cos &
7my= coS¥ sIN &
7n,= SINEO cosS ¥
71, = SIN® SIN ¥ COS & — Cose SING
N, =SING SINY SINZ + cos© cosd

IY.

CULER RATE FAND ANGLE Equations (EULER ORDER g ¥ —»©)

ﬁ = Pcose + rsiNé
cos ¥

W= rcose — pPsiv O

é = g. + SIM¢(7°cose+r5w6) = 5', 7+ S/A/Sbw<é')
cos ¥ "

ﬁ=@;+foté’dt

£ .
W= ¢ +[o,/-4dt

¢
e,,+£e'd¢

i

e

WHERE: ) &, 5 ¥, AND €, ARE THE /NTIAL VALUES oF &, ¥ ANvD &
RES PECTIVELY, .
P, g AvD v ARE THE 7B00Y ROTATION VELOCITIES
B THE UPPER Limir 0F THE JNTEGRALS S/IGNIFIES THAT THE
DERIVATIVE S OF 7HE RESPECTIVE VARIABLES ARE JINTECRATED

THROUVUGH OL7T FHE ENTIRE PROBLEM SocevTloN TIME.

REPORT: LEDSTO-1 ‘
DATE; & Marah 1963
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EQUATION SUMMARY FoR  HoVER AND LARNDING SIMULATION COMTINUVED

V. BodDY FORCE AND MOMENT EQUATIONS

By= 7m COS Son, COSStm + T4
ByzTm SINItm +744 |
By= T sivdey cosdy,, + 743
L= 7o

(‘fm siwde,, cosdy,, ~3m SIN It ) + L?f:

S

=Tn (;m cos den cosdg, -2y SIN Joy COSJ;‘M) + Mﬂ"

N = T (g sWdpp = 4oy, COS dom cos Ip ) + Ny

WHERE % 1) 7y = MRIN ENGINE THRUST.
?) Sem= MRIN ENGINE GIMBAL ANGLE ABOUT BODY Yy Axis,
3) dym= MAIN ENGINE GIMBAL PNGLE ABOUT CARRIED BoDY 4 AXIS,
SUM OF . AXIS REACTIoN JET THRUST COMPONEATS ,
S)Tg‘tj = SUM OF 4 AXIS REAcTION JET THRUST ComPonEMTS
é)T%ja = SUM oFa AX1S REACTION JTET THRUST ComPowenTs,
N Ay = G RXs DISTANCE BETWEEN C.G. % MAIN ENGWE (GIMBAL AXIS PonT,
B)Ysm = Y Axs DISTANCE BETWEEN C.6. & MAWN ENGINE GIMBAL Ax1S TPoinT,
9 Gm = 4 AKS DISTANCE BETWEEN C.G. + MAW ENGINE GIMBAL AXIS ToiwT.
lo) Lj' = SUM OF REACTION TET THRUST MOMENTS ABouT ,x AXS.
1) M,’: SUM oF REACTION TET THRUST MOMENTS ABouvT Y AXis.
12) Nj= SUM OF REACTION TET THRUST Mo MENTS ABoOUT 3 AxIS
13) Boe = SUM OF THRUST FORCES IN BoDY rx AxXiS DIRECTION,
14) By = SUM OF THRUST FoRCES [N BobY y AXIsS DIRECTION.
15) By = sUM oF THRUST FORCES N BoDY o AXIS DIRECTION,
1) L = sum oF THRUST MOMENTS RBovT BobY L AXS.
17) M = SUM OF THRUST MOMENTS ABouT BobY Y Axis.
I8) N = Sum OF THRUST MoMENTS ABoUT BoDY 3 AXIS.

N~
Ny
_

i

A

BobY Axis ROTATION EQUAT/ONS

| I’”‘ p = -—(.2."33 -'Z-”)Z"' +I§?(i?""r")4 + Loy (F+P3-') + Zuy (g-pF)
" REPORT: IEB5TO-1

“‘PW.Z/@:' + L DATE: b March 1963
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EQUARTION SuMMARY  FoR HOVER. AND LANDING SIMULATION Cour‘:NUEP

L4

YT BobDY Axis TROTATION EFQUATIONS CONJINUEPR
.

Iw?' = = (T, -—1'3;)pr t Insg (r*-p*) +I¢y (p +;r) +.2'33(’r‘-p;)

+g,771.,00,_ + M

La3r= = (Tyy-Zun)pg + Lay (p2*) + .2:44 (p *?r) +Izéi(; -**P*)i

+rm,09}, N

WHERE © ) Tux = MOMENT OF INERTIA ABOUT™ BobY X AXS
2) Tyy = MOMENT oF ITNERTIA ABouT BobY Y AXS
3) T33 = MOMENT oF INERTIA ABouT BodY g AXIS
4) Twy = PRODUCT o0F INERTIA PBOUT BODY -y ARES
§) Twy = PRODXT OF IWERTIA ABSUT BoPY -3 AXES
6)I73 = PRoDucT oF INERTIA [+ BoUT BooY y-3 AXES
7) p = ANGULAR vewsery RBoVUT BODY 2 Axis
8) g = ANGULAR VELaTY  pBosT BODY 4 AXIS
9 r = ANGULAR VELoaTY ABovT TBobY 3 Ans
o) p = ANGuLAR ACLELERATION ABOUT BoDY ALS
//) 7, = ANGULAR  ACCELERATION ARbOT BodY 'a /RIS
/2) .;.-: ANGULWR  NACCELERATION RHBOUT TBodDY 2 AXIS
13) 7n= TIME RATE OF CHANGE OF VEHICLE MASS
I4) ,?p;::: CHARRACTERISTIC DISTANCE SQUARED FoR JET DHMPIN‘G.(”_’&» Puwe:
I5) L = Sum OF THRUST MOMENTS ABovT BoDY A AXIS
16) M = Sum OF THRUST MOMENTS RBsvI BoDY i AXLS
17) N & svom oF 7HRUST MoMEWTS FRBouT BobY AXls
IB)XW'-’ CHAR ACTER.ISTIC DISTANCE FOR JET DAMPING (3-9 PLANE)

il

MRIN THRUST MOMENT ARM EQUATIONS _
/)Cm = /347;,”_ "/ﬂcg

LWSTOA '
b m:mh 163
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b , Prce _2__oF
EQUATION SUMMARY FOR HOVER AND LANDING SIMULATION  CowTinVED

s &

MRBIN THRUST MOMENT ARM FQUATIONS CONTINUED

’

WHERE 1) g = A= AXIS DISTANCE BETWEEN Rermsme "Pow!"’ AMD. MFHN
ENGINE GIMBRAL mus ‘Pomr. L
:z)g./, -y As DISTANCE BETWELEMN REFE’#’EW:E mmr* HMP Mmu

ENGINE Cimphe. B8 PemT, .
3)?7;,1:3, ArIS DISTANCE BETWEEN pEkaEMcﬁ ?01”,. ﬁ”p Mﬁuv
ENGINE GIMBRL AXIS POV, L
4) Fog = H-Ans DISTANCE BETWEEN C.G. AND Rermwce 'Pmuf
) Jeg = Y-Aris PisancE BETWEEN C.G. AND REFEREWCE PoInT,
¢) ;‘ = 3-AKIS DINTANCE BETWEEFN C.C. AND REFEREMCE TPownT
TV 7 = 7= AX'S DISTANCE BETWEEN C.G, AND MAIN ENGIVE GImBAL
AXiIS “PoimT, ’
8) gom 2\34' AX1s DISTANCE BETWEEN C.G. AND MRIN ENGINE GIMmBAL
AXIS TPoinT,
g,—nxas DISTANCE BETWEEM C.G. AND MAIN ENGINE G/MBA -

AXIS TorwnT,

]

D3 m

MASS AND C.G. CALCVLATION FRQUATIONS

I,,&:[% dt

NOTE ! UPPER LIMiT OF INTEGRAL SICNIFIES THAT
THE QUANTITY 1S INTEGCRATED OVER 7THE
EMNTIRE LENGCTH OF THE COMPUTER Solyrron,

A PRgp = Im/Crn,

Amé: I{/CJ'

Wém:%

7?27=(Z77‘>/C3
370 = — g —-7?204
Qip = D7y +dmy
= P, - A

. REPORT: EEDSTO-1
= DATE; b Mareh '63
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EQUATION  SummARY FO,Q//ot/f'R AID [,;J,upu/c; S/MULATIO M CONI"HVUED

UL . MRASS AND C.G. CAHLEULRTION EQUATIONS CONTINIED

a—cs = ‘Jcc - (0?’:1“)

L

See = 5:;50 ~ (Gp;'ce,> N
77

NIm= INTEGRATED To7#L IMPULSE OF MAIN /'Wa/wz.:

2) Ty = MAIN ENGINE THRVST .

3) zj= INTEGCRRTED 7o7aL IFIPULSE OF PEAcT/aA/ \7‘57:5,
A)E77= SUM ToTAL OF REACTIN JE7T JHRUSTS.

) AT = MBIN ENGINE FROPELLENT BURNED (MASS).

6) Con = EXHAUST CAS VELOcITY OF MAIN ENGIVE -

7 Amj = REACTION TET PROPEILENT BUANED (mMAss) .

8) C4 = EXWAUST GAS VELOCITY OF PEACTIeN TET.

9) Tz = TIME RRTE OF cwawCE OF MAIN ENCWE PREPELLENST MASS.
/0) m; = TIME JORTE 0F CHONGE OF REAcrionN TE7 TLROPELLENT MASS .
1) 71 = TIME RPTE oOF CHANCE OF VENICLE MASS.

12) 70 = MASS OF VEHICLE,

13) 72,= ZW17/AL MASS OF VEKH/KLE,

19) AmL = MAIN ENGivE PLLS REACTIoN TET PROPELLEWNT MASS BURNED,

15) Kee = AL —~AXNS DISTANCE BEJWEEN C.G. AND F/XED REFEREWCE ’PokwT-
1) Zeo,= INITIAL VALUE OF 2 cq. o

11 drice Mm= perwarive ©0F .. wiTk RESPEeT To PPOPF UFNT MASS
18) Jog = Y= AXS DISTANCE BETWEEN €-C. Awb FivED REFEREWcE PoiuT,
/9) Tee,= TWiTIAL VALVE OF Jeo- ‘
20) o fecdm= DERIVATIVE OF Feg wiTh RESPEST 7p PROPELLENT MASS,
21) Fea = - 4018 DITANCE BETWELM C.6. MO FIAED REFEREWSE PoruT,
22) Feg, =  ZWMITIAL VALVE OF Z.q :

23 J;cﬁ /a/»v' DER\VATIVE OF 3“ wiTH RESPEcT To 7’;?0/%“415#7’ MBSS,

m

Iocgc = I¢,¢° - ( o/l',x,‘) A

Loy= Lyga ~ (——L{,ry>‘4m/ | REPORT: LED5TOs1

DATE: I March *63
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EQUATION SummARY FoR HOVER AMD LANDING SpmutBTlen CopTINUE D

A . MOMENT AND PRoDJCT oF THERTIA EQUATIONS ColMTINVED

Z;3 = T3 - (45 > s

T

1) A7 = MBIN ENGINE TLUS REAcTIon TET PROPELLENT MASS BURNES.
2) Toiw = MOMENT 0F ZWNERTIA ABour BODY AL -AXIS,

3) Ty, = IMITIAL VALvE o F Z'oeoc.i

4) ATan/dm = DERIVATWVE 0F Ty, WITH RESPECT 7o PROPELLENT MASS.
5) Zyy = MomMFNT oF INERTIA ABsuT BoDY g- Axis .

6)Tyy, = Zweirsar vALUE oF ZLyy.

DA Tyy/dm= Derwvative oF Ty, wiré RESPECT 7o FROPELLENT MASS.
8) Z';;:» MomENT oF ZINWERTIA ABoUT BobY 5-AXIS.

7)I33‘,= ZwiTiat VALVE OF Z39 :
/a)a?fjs/a/m‘-: DERWATIVE oF Zz7 wiTH REsPECT 7o PRoPELLENT  MAHSS,
II) Irxjr. PRoDICT ok INERTIA ABevT [BobY x-y PAXES

1) Ty = AVERACE VALVE OF Ty |

13) I,,;} = PRobueT oF ZINERTIA ABOUT [ODY n-3 AXES.

/4)1’,;30:: INITIPL VALVE o0F Znc3.

/-f)opl'ﬁg/c/w= DE'RW/)TiVE oF Z'fx; wIiTH RESPECT 75 “PROPELLENMT MASS,
/L)Iw = PRoDUCT oF ZTNERTIA fBovr BoPY Y-3 AXES.

" 73 = PVERACE VALVE OF 7—9'}'

X. RANGE , LINE OF S/CHT AND GROUND TRACK ¢ ALCULATIONS

f. .
Rx = Rxo + £ onif NOTE: UPPER LIMiT ©F [INTFECERL
I ; t SIE MIFIES THRT QUANTITY 1S
Ry = Ry, — fo Vy dt JNTEGRATED QVER EMNTIRE

LENGTH oF ComPITER RUM,

SR,
Rz= Ry, —f Vzdt BPORT: MED'5TO-1
e | ot DATE: 4 March 1963
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EQUATION

L PAGF “B___oF
SUMMARY FOR HMHOVER AND LPANDING S/IMULATION CoMTINUVED

#

X, "RANGE , LINE OF SI6HT AND GPROUND TRACK: CALCULATION S CONTINUED

WHERE

A = 7o [—RY-“
Rz

e
T~ TRx
s ]

m
)

Rs= Rz coSA +RyswA

cos A

_RN: ‘RS [SINA]

R = RySINE +TRg CosE

Eg= & +A

Ry= Vy cosA —Vz sivA

Re= Vz CosA + VysivA -
n '-‘-"—Rx -—Rxg

) Rux= VEHWICLE Atrirvoe ( DEFwEd By C.G. TS s7ign)

2) Ry= TRANGE CombongnT ¥ THE NEGATIVE INVERTIAL Y DIRECTION. ,
3)'R;= “RANGE ComPaMe‘;vT’ IN THE NEGATIVE JNERTIAL Z DIRFcTioN
4) K= LINE OF SIGHT AZ/MuTH RNGLE MFRASURED FRoM LANDING SITE..
5) E= LINE oF SIGHT FLEVATION ANGLE MEBSURED WITH RESPFET To SITE.
() Rg= RANGE ALowe LUNAR SURFACE FROM LANDING SITE.

7) Ru= RANGE popmpLb To Rg mFErsvRed IN THE GRovwb PLAWE,

£) W= LINE 0F SICHT “PANGE FRomM LUNAR LANDING SITE,

9) E@= VFmere HEppiw& pNGLE (X Bfrw;nslg- BobY AxiS pWD Los),
/6) TQN' RANCE RATE MHopmar 7o Live aﬁ’s’/(/)‘f‘

/) RS = RANCE RATE PLONGE LUNAR SORFACE /N LINE oF S/IGHT PIRWVE.
12) N = ALTIirvne oF [LowFs7T PoINT oF LEM ABOVE Lwnll S(aAFAc.E‘.;

13) Ry,= Twir/iAt VALVE OF'X?

e

14) ‘P\, = Z"/V/T/A’L V,qLUF o F 1
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PAGE oF

EQUATION SUMMARY. _FOR _MHOVER _AND LANDING __SimuLATION _ CoNTINVED

X, (??PrNGE) L)NE'aF SIEHT AND G ROunD TRACK CHLCULATIN EQUATIONS COMTINVED
1) Rzo= IMITIAL VALVE OF Rz,
16) Vi = VELociTY [~ ZINFRTIAL X -DIRECTION,
17 Vy = VELoCQTY N ZINMERTIAL Y- DIRECTION,
/8) \Vz = VELocirY IN IMERTIAL 2Z- DIRFcTIoN,
19) & = FULER RoLlL FRANGLE,
20) 7'.6’/\/"= THE PNCLE WHOSE ?'}9/./651«/7‘ /S,
21) Ruy = DisTAMcE OF C.C. ABovE GRovnD AT ToUch DOWN.
X[, MOT/ON SEAT AND VISUAL DISPLAY EQUATIONS

'/x,’:: -0y

2
g = +j59‘

z
/)53,‘-‘- —/?49

BLTITUDE =—
LATERAL TRANS LATION =
LONGITU DinwAL  TRANSLATION =

RoOLL A77rI)TVUDE =

WHERE ‘.1),;:,,' = RIGHT FRONT TPoST D/sPLACEMENT FoR PosSiriveE ANGLE
)%, = LEFT  FRONT ToST  pisPLAcEMENT  FoR TPosSITIVE ANGLE
3)4(3= REAR PosT DISPLACEMENT FoR TPosiTIvE ANCLE
4 ¥ = YAW PBHNGLE SUPPLIED /¥ DEGREES
S) & = PIICH HANGLE SUPPLIED /N PEGREFS
- ¢) ,04 = CONVERSION FACTOR FoR mortesN DEVICE DRIVE
'7),@5:: CONVERSION FACTOR FOR MoTioN pDEVICE DR\WVE

SN

REPORT: ¥ED570-1
DATE : 4 March 1963
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APPENDIX 1O, IT

DEFTIITION OF CONSTAINT AND VARTABLE QUAITITITIES

DATE

repor, LED5TO-1

L March 1963



: e PAGE . _3X__OF
SUMM MZY OF CONSTANT _AND Vﬁkmlsz. QUAN TITIES
FOoR “PHASE "A" LUNAR HOVER _AMP_LANRING SIMULATION

S %
LTEETEE

' CONSTAMNT QUANTITIES 4 VARIABLE QUANTIT IES

DESC. R:Prm,v'

Ioc N PRopUcT OF T MERTIA HBa:UT BobY ~-4 /)x&j,g
J

T PRopueT  o0F ZNERTIA pRovT BobY :1-3 ArES SLVG ~FTI™
73 .
' j CHHRRCTERIST/C. DISTAncE FoR IET' DAMPiMG -
D 'T; (Upy - Ap. v FIGURE Z) F
CHARACTERISTIC DISTANCE FoRr TEI DAMPING Fr
: (SEE FIGURE 4) ‘
CHHRRCT'ERIST/; DISTANCE SQUARED FoR JET DAMPING § Fr>
f’ (0p” - o>  w FIGURE 3) ] 7
VE v 5 -
AVERAGE VALVE FoR TFRopucdT oF INERTIA SLUG -FT
§ ABovT _RodY X3 AXES
TN/TIAL VALUE FoR PRoDucT of TNERTIA .y
SlUuc-FT
ABovr BobY - q AxX ES
FRVER AGCE VALUF FﬂR PRoDyYeT oF ITNERTIA | .
ARBevr BobY g 1 L xES Stve-F
DER\WVATWE oF Momswr'of TNERTIA _ABOoUT -

Nwiry RESPECT To TPROPELLENT MASS.
' DERIVATIVE oF MOMENT O0F TNERTIA ABokT DBobDY
Y-pris wiTH RESPECT Teo T ROPELLENT MASS

DEmvnvwe 0F MOMENT 0F ITNERTIA ARovI RoRY
Wo-0x0s wizy RESPECT 7o PROPEILENT MASS

‘ o F PRoDueT oF ITNERTIAR HABOUT BoDY
4*3 HXES wyrH _RESPEcT 7o PROPELLENT _MASS,
DEmv'mw,i:‘ oF rk-pAxs.  DistAancE BEr 6. AND

REFM EMCE Po/nT wiTH RESPECT 7o 7’/?0?54 ENT _MASS

DFRWATWP oL fz Ax1s DISTANCE BETwEEN C.G. AND FINED FT

.Sl. UG

1 m,rch 1963



PACE __32 _OF
SUMM ARY OF CONSTANT. PNP VARIABLE QUANTIT/ES
FOR "PHASE "R LUNABR HOVER LAND_ _LANDING SIMULATION

';nyutl;iﬁﬂ‘ A g

| CONSTANT QUANTITIES @ VARIABLE QUANTIT IES
SYM BoL § DESC. RiPTION | g UNITS
SRR T L e S i
% g AXlS DISTANCE BETWEEN FIXED TREFERENCE TFoimi
AND MAIN ENGINE GimpBpL AX1S Foiv] =§~:
37” - QxS DisTAnCE BFITWEEN FILED REFERENCE ’Pg_mr‘ 7
™ D MAIN ENCINE G/MBAL AXIS TPonmI” ~; F
| EXHAVST GRS VELOCITY OF MAIN ENGCINE -
EXHAVST GAS VELlociTY oF TREAcTiow JTET u
/ssc.
@ Tairine mpass oF VEMICLE I
: B SLUGS
N Tpi7/AL VALVE FoR pmomenr OF IWNERTIA ABovT
. SLUG- FT
'BooY - AxIS
VALVE FoR MoMEN] oF ZwERTIA RABouT .
SLUG -FT
B3o00Y q- 2 xis
VALWE FOR MomMENT OF ZINERTIA ABovT SLVC -FT
3 'BODY 3= Ax1s
p Al FoR nt-AwS DISTANCE TBETweEegn C.G6. P
: AND FIXED REFEREME ToINT rF
it
- BRIMNITIAL NLUE FoR ~ AX1S DISTANCE BETWEEN
e, | : F7
0WC.Q. AMD FEIXED REFERFMcE  PoinT
- EIM/‘/AL VALVE FoR 3-AXis DISTANCE DBLCTWEEN F7
c6 -
? ° CG Anp FIXED “?FFF/QF’/VCE PoiNT
B Zair/AL  VALVE FOR FULER TP/TcH ANGLE
EA ‘ DEG
D ZAIT/AL  UALUE FoR FULER YAW ANGLE
}L ; — i DFG
°
MITIAL VALVE FoR FULER RotlL ANGLE
@ i ,
AZpNiT/IAL  VALVE Fop  vEMCLE pLTiTv0E ( REF. Te €
Ry, FT
Xo
—R oOR ‘RHNQF COMPONENT N THE
Yo , _ . NERTIAL Y -PRAxis DIRFCTion
j Iﬂ/r/m VALVE Fok RANGE ComPoNFNT iy THE
P-Z-o WNVECHTIVE TNMERTIAL _Z7 Axis DIREcTIOV

DATE; i March 1963

- - . N UG- iSO U L-IOR AN o e



s smane Prce _33__oF
SUMMARY OF CONSTANT AND NARIABLE QUANT/T/ES

. cowszawr quanrries |V VARIABLE QUANTIT IES

FoR "PHASE "R” LUNAR _HIIER ANP_LANRING SIMULATION

SYMBoL H ' DESC RIPT/ON

R

T R T T SR e G
s %@Q&% h e S R A R e S R

u %LZN/HHL VALVE FoR VEMICLE VELpeITY HALtoNG
[o]
i BobY o~ - AXx's

Imrma VALUVE FuR VEHICLE VELoeiTY ALoNC
§ BobY Y- Axls

N

W IN/TIAL VALWE FoR VEHIctE VEL0E1 7Y ALené
W BooY 5- Axis

A TNITIAL VALUE FoR _ANGULRR yELOCITY ABovT

BobY U—~ARIS

3{ %IN/T//?L VALVE FoR AMNGULBR VEFivelrY ABoUl
» N
é
¢

.Z'/V/T/HL, VALVE FoR ANGyLAR veLoerr Y lqgwrf}

; BeDY A= Axis
Mﬂx:mum MBIN ENGIVNE TPROPELLEMT MA§S

44 Ax'S DISTANCE BETWEEN C.C. AT 72“‘”90
lAnD LANDING GEAR FEET :

il o-Axis DisTANCE BETWEEN TpveHbown C.C. AND

i PLoNvE oF ReactioN TETS. (SEE FlGupe 7)
| Y2 Rote TET COUPLE MOMENT ARM

b /o TrreH TET COUPLE _MOMENT ARM

YAW  TE]  COUPLE MamENT BRM

pTioN __SERT ScALE  FAcTOR

MoT/oM < £POT SCRALE FARcTOR

~ REPORT: LEDSTO-1 T —— DATE: b March 1963



R ‘ Face_*__oF
SUMMARY oOF CoNsrPA/T /‘?/t/D VARIABLE  QuAN TITIES

FOR "PHASE "RY LUNAR HOVER AP __LANDING _SIMULATION

' CONSTZANT QUANTITIES VARIABLE _QuanTIT 1ES |V
SYM BoL ? DESC RIPTIOA/
it }» T ‘.,- " ,\ ¢§ .
, VEHICLE ACccetrrprior AlonG TRebY AL-AXIS
w
VEHICLE _VELOCITY AlonMG T3ODY  pl- A%1S
u : ‘
y VEHICLE ACCELERATION [AlonG BoDY 4 -AriS
2
EVEHICLE yFipciTy fAronvg BobY Y- Axisg
V-l < \
¢ v y 2, B0 -
L EHIcLE AHCCELERATION Alomd 07
Wiemwrcte VELoerry  fAromwe oY A-pxis
/‘ ACCELERATION P RouT BodbY 2H£-AXS
f VELOcr7Y  ABosor 7B00Y «x-AXIS
}; ACCELER ATHN BRoVT BV 3——~A>US
ﬁ 2 ULAR VELucIrY Alov7r BodY Yy-Axg
,; ANCULAR ACCELERATION ARoUT BoDY A4 -~AXIS |
r VANCULAR VELociTY [Rovl T36DY 4= AX1S
- WMOMENT oF TWERTIA _ABour “BobY 2—AXLS
K | :
ﬂmﬂff&wr QF TNERTIA ABour .‘B‘gnif y- AXIS &
Lyy | | — st FT
o M:QMEMT OF ZTNERTIA  _ ABovT BosbY ?-ﬁxu %',
'7”:? J | :SLU6 FT 1
- PRoDucT oF TNERTIA /K)Bow BobY ¢~ 3 FAES '
Ixg | e ne SLUé~FT

REFORT: LEDSTO-1 U T DATE; 4 March 1963



—— : PAGE _33 __OF
SUMM ARY OF CoONSTANT _AND VARIABLE QUAMN T/ /FS

FoR TPHASE "R” JUMAR  HoOVER _BMP_LANRING SIMULATION

| CONSTANT QUANTITIES VARIA BLE _QUANTIT IES v
3
SYM BoL § DESCRIPTION
i '; R o : R IITITEE GRS Caatimpen iuaiisoll Solio G e bR T
i T//'fE DHTE  OF CHANGE _FOR VEHICLE
72§ mass ( SEc
B M OF THRIST FORCES /(N THE TBobY ks
WX~ AXIS DIREcTIoN
B lsum oF THRUST Forces (v THE BoODY .o ..
1 1 9= AxIS DIRECTION v A
B 5um OF ZHRUST FpRCES 4N THE BobY {20 owos
2 ’i AX1S TTDIRECTION
3 E§5um OF THRUST MOMENTS ﬁBooT BobY - pyowss
N A= HXIS Ak

QSUM OF THRUST MIMENTS ABsvT BobYy

; F77 Pounds
Y- xS

\Sum pF THRYIST MomENMTS ARpuT BobY FT Povwos

i‘i 33— AXIS
W DIRECTION COSIMES

-\""/m

VFtociry [N INMERTIAL X - DIREcTION

Vx
i VELociTy N JNERTIAL Y- DIRFCTION
o e
s VELOCITY M INERTIAL Z —DIRECTIoN ’
vz % ’ - ' F%/Ea
; "‘{'}”G“"“R RATE _FoR FuteR Roul AHANGLE | RAD
Q . : SFc
. I Ancoinn  RpTE For pFutip AW ANGLE —
y’ SEC.
. FoR Eviep TITCH ANGLE RBD/
- SE
ANGLE
/d DEG
% DEG
9 e DEG

. REPORT: xﬁn:s'row DATE; u aroh 1963

E



'FﬂGE 36 OoF

SUMMARY OF CONSTANT AND NARIABLE QUANTITIES
FOR _PHASE "R” LUNAR HOVER ANP._,LANRING SIMULATION

* CONSTANT QUANTITIES

VARIA BLE élmNZflT/ng |

SYMBoL £ Dz—:sc RIPTION

i ’Pkopg LLENMT MASS Aalags.
W 7/ME RATE ©OF CHANGE _FoR REAcT!on

73 TET _PROPELLENT MASS

7—- MAIN FENGCINE THEUST LEVEL

772

- ' SuUM oF X~ Axis  TREAaction JTET THRUST

?7‘ ComPowpg~VTS ‘ ) Poovmbs

HSsum o £ q AA'S REACTIon JET THRUST
: Povwub S
COM/oNFNfS ;
SUM__oF 1 AXIS REpeTion TET 7/4&%7’ PsuNDS
COMPONE /vrs
UMAIN ENGimE GIMBAL ANGLE ABovT BobY DEG
. Y- Axs ‘
MPBIN ENGCINE G/MBAL ANGLE AHPRovr BobY
: : PDEG
j ;i—/?x's ~
/)::—ﬁxv.s DisTANCE BETWEENM C.G. AMD Mﬂ/f/ . FT
| FNGINE Gempae AXis PoinT | a
AXIS DPISTAMNCE BETWEEM €G- &4/0 PALN T
' ENGCINE G/mpAL _AXIS TolrT ~ F
L A - xS DISTANCE TDBETWEEN C,.G. ANp MBIV e

' ME _GimBAL PSS PoiwnT ;
Roe-puis DisTAvce BETWEEN €GC. QwD FIXED

o
Bt "

/)éCG 'RFmecg Po T , |
— Y- Axis DISTANCE TRETWEEN C.C. AND E(AED
Jes 'RFFF/«B:‘NC&Q PoinT | FT
%”‘ e - AXIS DISTANCE BErweenw C.GC. AND p/x:g ,
CG WRErppenNeE ToiNT F7
I iy ATED ToTAL _IMPULS ) ~
. f?fv : VT E GCRATED L IM £ o BB LIN ;
o i ENCrHE ‘
\ " I&Fﬁ/
I . TNT__Q:? ATED “72"\7”/41, /Mﬁw,,s_ﬁ' oF TREACT Poonn-see
/L _TETS R ‘

REFORT: LED5T0-1 DATE: & "h;l?@;_wwﬁ



o TR 'PIQGE 57 _OF.
SUMMARY OF CONSTANT /wp vmammr QUAN TITIES S
FoR “PHasE "RA" LUNAR HOVER AP L ﬁuwucs SIMUL;QTMN

Y CONSTANT QUANTITIES wmm BLE QﬂﬂNﬂ‘?”lE~3 . o

SYMBoL E Dssc RIPTION.

’RE’FLC_TMA/ JET PROPELLENT 'Buéwg' (zm,&,s)

% VEHICLE PLT)TVDE ( REFFRENcED To C-Q.) ‘

X

™ ’RF)N‘GE COMPONENT N THE NEGATIVE _|NE ERTIALR FT
Y ’ Y-/HXIS DIREcTion §’ ;

o NRANGE ComPonEnT (N THE NEGATIVE (NERTIAL § FT
7 § Z-/2x1S DIREcTionN [

\RANGE ALONG LUNAR SyRFACE FRom
Rs i ' ‘ | FT

; "LANDING SITE

; / LANMDING SITE
Ftrvgrtoﬁ/ AMCLE FoR LinE oF SI6wT MEASURED

g;.
E g WiTH RESPEcT To RANGE AionG LVUNAR SUREALE (Rs).
‘ RANGE poRmpL To LINF 0F _SICHT (SEE FISURE l)\

Ry e
: ’Rnucs RPIE _NeBmpr To LINE OF Siteel :
Ruv | | Fllee
.P‘\ ANGE TRATE PIoMNE LUNAR SURFRCE N LINE oF F?“/
S | s/amr PLoneE — ' /sEc
V pepows £evoe (K + B
Ex & -t % DEG
1_- . ; SUM oF REAcTioNn TET fﬂeur Mg M E N ’FT.’-f“F’awDS
J NABovT BoLYy Ac—FAxis
) M2 SuM pF REACTIoN TET. THRIST Mwyri FT-PounDs
7 ]KJBMT‘ BobY 4-~ARIS
Ny m oF REfcrion TE7 FHRVST MOMENTS | Frposwos
? | PBovT 73ooyf? AXILS R e
 REFORT: LEG570-1 - DATE: L m"h 1963



L e Ass . PaceE 38 _oF
SUMMARY OF CONSTANT _AND _NARIABLE QUAN JITIES

FOR “PHASE "A" LUNMHR  HIVEER _LAND_ _LBANDING SIMULATION

" CONSTANT _QUANTITIES V/;’/?/Fr’Bl[:‘ QUANTIT IES

SYM Bol § DESC RirTION

M_THRvST oF RoiL REpcrion TET PR

SUM THRUST. OF P/7eH REaction JET 7’&‘16

1%
{ (/ M
73.,- §SUM THRYST oF YAW REAcTIo TET _PAR 4. 5

. ,%INTEGRME!} To7AL TMPULSE OF 2~ BA\S
Ij“ '\ 7TRANS LATION TETS |
f' @INTEGQATEQ 7078t TMPULSE pF 9= A xS
71 TRANSLATIoN  TETS : ,
INTEGRATED To7AL TMPULSE oF 3‘»—-\,430_5
L TraMvSLATION TETS

Poun b~sEc

 Pounb~SEc

WINTECRATED TorAL T MPULSE oF P/7cit JETS

| TMTEGRATED ZoT At I mPuLse oF YAW JETS

"~ REPORT: E,'D?'{O«l’ DATE: 4 March 1963
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APPENDIX IO, III

DEFTIITIONS OF LEM GEOMETRY AND SCHEMATIC COMPUTER FLOW CHART

reporr  LED5T0-1
DATE It March 1963




PLM  1-22 =3
Rew. 2"V =67

T 23703

[FURWARD
PRIRECTION

LUNAR
SURFACKE
(FLA—T)

ay

LANDING
SITES iy

| X}Y’) Z = 1:"((/«//‘)4/{ INERTIAL SET
XY, Z = u:;h(}_\ INERT ML <E T
) T LEM BoDY sET
55‘”5"*’ @ T EULER ANGLE /?077‘\?‘77;&/{[” ORDLE
W,V W~ = BODY TRANSLATION Vaoc‘/m.?ﬁmu
f,f; ,/z‘ = BodY RorATION Vewriries

(RIGHT HAND RUWS USED [R
+ ROTATIONS AR AKES)
CNOTE ! PREVIOVUS' SYMRoL FoR. “P" wns YR ¥

Fl& .
LEM  REFERNCE T AKES  SYSTEM
FOR. fUNAR  LAND NG SIMULATISN

]

REPORT: LEDSTO-1
DATE: k& March 1963
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Tom y-22-63

A
l\\ AN .
A
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T ¢
y | \ | GIMRNL  AXIS FPorn 7
SRS
7 . -
x“' ;cs. I }
|
|
‘ ’
; |
RFER I E ! '
i\
ettt CL £ ) },/;v | 2,

]

NOTE : SUBSCRIFT "’ REFERS To  MAIN (DESCENT ) ENGINE

e 2, | |
LEM THRUST VECTOR AND C.G. SHIfT GEOMETRY

FOR. MAIN (DE.S“CE/VT) ENG INE

REPORT: LEDSTO-1
DATE: L4 March 1963
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pis /AL pe o wowmg Lomoms s

Fev 2-3-63

BoDY AXIS TRANSLATION DirecTion Cosmes (Evi o/epez:qs-;yq@
| )= asewnl
Bx =m (b =V + )-t-/m L m, = — sy
.. u)-% ;'ﬁ' u,'zl‘,u)“ /}{’ = W& WS]/ ’ R .
-,b,'-: B;Win (1}*-9)“19* m)+m}rw, —Zn:»r;,‘,()p ‘ ﬁzzwe sl Coo B 4546 54 P
wWo . ‘ : ML:W y/wj ¢
B= m(p{r—uﬁx up)rm;nﬁ&m %fp W Mlzvu%Gm‘Pw;ff-w@W(ﬁ
| 4 1 B by = b salsm s b an
4 A -
Z} {?’ meom 'P 1,&’ b /:33: Snb QAWW¢+ Qﬁﬁ@a¢ ‘
7 Z’ My : o
X 1 : ¢ ' ﬁ” 6 ,
BopY Axis_ RoTATION - EULER ANGLES AND RATUL(GrOR: P 25)
Ti= (G e ) | putus | $= [0 #rnmelfenf |
+71x (/i-*fg)-’-fy @L}’h)v‘/?/rkﬂpf)" = hawwo - psn ©
+£ 6= g+ [gy]}}m:@m%@]/m?_w
) | \ _ bt §=d+[ dut |
lyi= - (Tt <Ly Jpn+I () = +ﬁi Fot L
Tl Ty (i) g™ o= 6, 4[4t
+M . T
: | A N
] = - .Zj}) ‘Ipc)’ff'f]; (fl-'-fz' | . ' ; -
J 4_@ G-;n)-r‘-l}; ( f’-&f/z),«/;,{up’ = 7 BoDY FORCES APD MOMENTS . é
+N T .
5 37@56 %Jy/m + 77 -
bt le b g ' oL
I” Ix} |4 fﬁ M —_ . L
2 3 v B Taetn Ty |
INCRTIAL TROWSLATIN . | f} -’—7,;\ S J%C&:Jy;,,, +77:}
VY = /Q’ W+ m U+ M, W ‘ L = 75(}“”"5%@95%‘% WS%)"‘{/'
V= bty b= [ Ve M 0Gk i
) Y 3 ‘ ' |
\/:z =hu g U= My W ? N:Tm/z;ﬂm&-;mw&mm‘%)ﬁ\é‘ .

O

w 77— Mo
’?j /V“S /n.; - ) .—, :

-~ REa : : ) Ty M

TR B T RRE W g
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LATOR  AND LEQUAT 10//S  OF HMOTIoN #’g#& ~ L
NOTES ;. (1) SUBSCRIPT Nym ¥ REFERS 7O anﬁ(besscsnr)gumﬂb REPORT: L D570~
(2) SUESCRPT 4 7 RFERS To REACTn COMTROL JETS - DATE: b Mar
(3) SUPERSCRIPT Ve REFERL 70 Pror oMM MAND
(% SYmpow NS - pREVIOUSLY wns TR

MASS AvD C.&G. TANGE, UNE OF SIGHT, ANO GRWND TRACK
] _{_ ?&,KY\‘R&, {~ —E
IM ’:‘[.‘ Tmol'é' \ Ty:k){o#-,c \/yd"t‘ ‘ x"fﬁ
T =54 R | ReFem [ et ’
L P = T /o . Te=Re,—) Vo at ]
Aoy = Tx /C y _ f——a A, /A = Jou” [ Ry /Re «
. J = Aﬁ’io;\, Rz RecrA 4 RysvmA A,
My, = lpm /Om/ N A Py Ry = s s A JCo= A B
S P e WS Y
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APPENDIX NO. IV

SIMPLIFTED FLOW DIAGRAM

a) TFlow Chart for System Equations

b) Interface Flow Diagram

REPOK. LE D5T70-1
oate 4 March 1963
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APPENDIX NO, V

SUMMARY OF DEFINED CONSTANT VALUES
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SUMMARY OF DEFINED ConSTRNT VAIVES FOR”?}//)% ”_éu

LUNAR

HOVER

ANMD LANDING , S

VRALVES SHOWN DEFINED As oF 20*

CONSTANT

SYMBoOL

Cco Nsr/}»./T

VALUVE

CowsTANT |

_SymMBer |

+5.3154

-78.2]

mrm :

+94.72

2.4 8}«»”

0.0

+3.9)

+ 7,350

+30.4

+9,660 > 30 muske
1—8,»360 < 30 mil SEC

-78.21

+ 337

+140.0

Tant,

+5,862

+749.72 \

YAPEPS

+6,185

+/7. 5

2330

| + é) 370 ’

+2/.8

“ea,

+9.57

+20.80

Yeo,

+o0.025

+/1.01

geﬁa

5 + o 28@ A

+25.0

A

-0. 000325

- +0.547

A3ce
d

- 0.0013

+9./3

REPORT: LED5T0-1 -

.66

1

= DATE: b Vard, 63
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SUMMRRY OF DEFINED CONSTANT VALUES FoR TPHASE A" éﬁf/ﬁ&
HOVER _ANMD LANDING _SIMULATION  CONTIMUED

VALUES __SHOwN _DEF/INED ps _oF  20- FEBRUARY 1§

CONSTANT CONSTANT _CopsTANT | f  :
SymBoL VALUE SimBor. |

/()3 | +5.0

/03 | +£5.8

Ay +5.8

__ REPORT: LED 5T0-1 _DATE: b March 1963
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APPENDIX NO, VI

SUMMARY OF VARIABLE AND PARAMETER SCALING

rerort LED S5T0-1

DATE

4 March 1763



SUMIMARY

oF

VRRIRBLE ANMD

TARAMETER SCALING

PAGE __22 OF i

FoOR

TFPHRSE "R LUNHR  AOVER

BND  LANOING  SIMULATION

REPORT: LEDST0-1

SyMBoL RANGE SCALED - | ﬁdﬂsbk
' MM MAX VALVE it SR W)we'

7 |+0.6 | +1.0 | 10w | | Am |#0-0 ,«»;wg |t o
73 |—0.7 |+ 0.7 joms | o‘(jtj«,,,‘f +10.0 +-25“0 3 ‘i" 2y
72, |-0.3 |+0.3 |lox drm, +10.0 +25’0
Z. |-0.8 |+0.8 | /o7 % 0.0 +2.0
T3 |+0.6 | +lo | 1073 4;:5,,5 ~0.04 | 0.0 .5

Vx -50.0 {+50.0 Vx %i -0.0006 —/-o.aga\é 12.8 J;c:

Vy |-%0.0 |+50.0 \/Y < ;:: ~O.002 +0.002 '|'#% 4}’:—,%

\/f -50.0  |4+50.0 Ve Ave | 0.0 +36.0 sxio”am.

Z |-1.5 |+1.5 |s08 m | 0.0 +/.3 | owamyy

9/./ -5 |+/). 5 50/: 77'2;' 0.0 %04 / e

9 ~1.§5 |+,.5 |80 2 Im | 0.0 |+/2000 MMBT’"”

Z |-45.0" |+ 250" | Pheo | T3¢ |=400.0 |+400.0 f“o",'T;x _ |

¥ —20.0° |+20.0° ’&/z Ta"ﬂ -200.0 |+200,0 ’OAFTi;ﬁ‘

O |-/50°" |iso’ | Y 743 -200.0 +2<§a~.o 10" Tip |
Ty |~200.0 |#200.0 +‘/d~0‘a 'Séacéﬁ,,(&;}
Lxzz, | 0.0 +500.0 |4/0.0° 0600y,
f;; -200.0 [+200.0 +70 |50 X{g,a)

ATy L mmh 1963



CSUM AR Y

oF

VARIRBLE AIiD

PARAMETER SCALING

PAcCE _ 53 oF

FOR

FPHOSE "H7 LUMBR HOUER PAND LANOING SIMULATION

RANGE SCALED W RAMNGE
Sy oL ‘ : P e—t———y M
e MIN MAX VALVE N, MBX | VALVE
72 | 298.0 | 4¢0.0 | ?/s Iy |-200.0 | +200.0 |10 Lny
W |-50.0 | +50.0| WU Zry | 0.0 | +500.0 |10 Txy |
’ ) .3
w 1-70.0 |+50.0| W LZyy |-200.0 12080 /0 ~-7-3§:__
2 | -30.0|+30.0 | U 72 -/.5 0.0 |20m
YV |-50.0 | +50.0 | UV Ao |-29 |-25 |4x5Hp
) N Z o . =3, %
W |-30,0 |+30.0 | W Dp |+13.44 |+ 46,0 |Sxiotsp
- doge | + .0 5057
W |750.0 |+50.0 | W Dgr | +20.0 |+40.0 '|5x10 Xpy,
; -

T 153154 15,3154 Yoo Bx |-400.0 |+i12,400.0] Sxi0 By
v : ‘.L
7° =0.5 |+0.5 |l00p [34 |-2000.0 |+2000.0|5 x10 By
7 —-/.0 #/. O 100 P B; =2000.0 |+2000.0 leémIB;_
F |-]o i/.0  |ioog I |-/500.0 |+/500.0 | 5xi5 L
ol -/.0 +/.0 106 ¢ M |=3000.0 +300Q.a QXiJmM

r ~-/. 0 +/.0 {00 N ~3000.0 | +3000.0 2x.u§7“N'

r -/. 0 +/. 0 /00r ,@, +0.9 |+/ 0 10 L,
I¢¢ S/00.0 |84600. ¢ + 0. 5’ /0”’;?,; ’
Lyy |5900.0 |B200.0 +0.85 ‘ /o /&____
Zg} S4oo0.0 |8600.0 -/-04-  /¢§;;, :

REPOR?: TED5T0-1 DATEs b Wyron 1983
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oF

Prce 5%

oF _

VARIRBLE AND TARAMEJER SCALING FOR .

LED5T70-1

“RAN k

'SVMBOL —— © iﬁﬁx 5 ;Zi ’ ﬁ: SYMBoL iz
Yrm | 0.0 0.0 s 'mpgm@ Rz %/,M B ’f?;“
brm | 0.0 |0.0 [SGriel Rs | a0 +/,s‘aﬂﬁ o5
Xm |—6.0 2.0 25 Xomy =(? 0.0 +3;,4M0 Piww“"k’s
Ym |-0.3 |+#0.3 | Bym | | A |-90.0°|+/80.0° |4
Im |04 |+04 1573 E 0.0 |+90.0° f‘(“')
Eeo |#8.0 | +/0 >Nm Ry |-1,500.0|+1 %00.0 0™

i , ,

Jes |-0.3 |03 |Meum Ry |=100.0 | +100.0 Ra
?co ~0.4 \|+0.4 }jﬂﬁw‘m’{ 7‘?5 _100.0 |+s00.0 | Ps
7. 2 0.0 fzso,oo’o.a&“’éyl*” & g |—/3S. oo +225‘,0“ 5‘:!&""3¢
I;' 0.0 7"/'4,000'.0 10" Ly 772, |+298.0|7*460.0 2x 0 70
Com #6,000.0 |+10,000.0 ijj‘”’ L xx, 45100 |48, ¢o0.0 e
C;j +6,000.0 [ +]0,000.0 %ig' Tyy, 15400, 0 |48, 200.0

274 | 0.0 |+800.0 Z 330 #5000 8,c00.0 |
A7m | 0. 0 [+35.0 g’f‘; Aeeo|+8.0 |+/1.0

‘Amj 0.0 +/. 0 Sl gcao -0, 3? +0. 3 "

Rx l1o.0 +2000.0 |54 R x 5;,% 0.4 |l+o.4

Ry ~4000.0 |+4,000.0 3“’5&’*5} | @o -5 0’ ./;/5', o°

. REFORT: T  DATE: b March 1963
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_SUMMARY _OF VARIABLE /,wb ; “"ﬁﬂﬁﬁﬁf&p

/MW:/Q ,911/.4:» w.w/y‘”

PHASE "R LUNAR

’R’FJNGE 5

- i8YMBOL

MIN

MBX

smz,w

Vﬁz 1/5

-20.0°

-45.0°

: o]
+20.0

0.0

+45.0°

+2,000.0

-1000. 0

+/,000.0

50 t0 ”/i;,w

-/ 000.0

+/,000.0

Sk 2/?7

-200.0 |4

/.5

-70.0

+50.0

+4.0

-$50.0

+50.0

+4.0

"50:0

+50.0

+4.0

—1.0

+/. 0

0.0

-/.0

+/.0

0.0

-/, 0

+/.0

0.0

+20.0

735.0

+0.3

+/J

—1,200.0

+1/,200.0

doo

- f ""’)700cﬂ

+h700.0 i

}Maa

+/, 00,0 |

7?”,"9

+’70

REPORT: mwm—l |
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APPENDIX 10, VII

DETAILED ANALOG COME .
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pero I Mewah 1042
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a) Instrument Panel
b) Cockpit layout

¢) Analog Computers
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APPENDIX NO, XI

, COMPARTSON OF LEM FLIGHT CONTROL

SYSTEM AND FLIGHT CONTROL SYSTEM

USED FOR LUNAR LANDING SIMULATION

repORT  LEDSTO-1
DATE ) March 1963




PaGE 89

APPENDIX NO, XI
COMPARISON OF LEM FLIGHT CONTROL
SYSTEMS AND FLIGHT CONTROL SYSTEMS U‘SED m}a
LUNAR LANDING swmmmam |

In order to reduce the amount of analog computer @quipment req re& for .
the Phase A landing simulation certain simplifications of the flfgh<n ;
control system were made. These simplifications will retain the funda~ :
mental dynamie behavior of the control system as felt by the. pilot

The major simplifications of the flight control system for simulation
purposes are:

a) Use of a linearized control modulation funetion which approximates
the time-average thrust level obtained from the jets with a
pulse modulation system.

b) Simplified RCS Command logic

c) Simplified jJet dynamics using analog computer relay delay times
to approximate actual on-off delay times, and thrust rise and
decay times.

In order to show the discrete differences between the actual LEM Flight
Control system and that in the landing simulation it will be necesgsary
to review both in detail. The following sections will be devoted to
presenting each system in terms of descriptions and also by schematic
presentations.

I. Preliminary Description of Control Electronics Section of Stabiliza-
tion and Control Subsystem.

The following description represents a preliminary system, many of

the concepts mentioned below are subject to change as the various
analytical and simulator studies progress., At the time of this report,
the below described Stabilization and Control Subsystem was being

used as the model for the simplified flight control system incorporat-
ed in the landing simulation.

A, General: The Stabilization and Control Subsystem is divided in-
To two sections, the Oontrol Electronics Section (CES) and the
Backup Guidance Section (BGS). This discussion concerns only the
Control Electronics Section.

B, Description: Figure 1 is a block diagram of the Control Elec-
tronics Section of the S and C Subsystem., To simplify the dia-
gram, only one control channel is shown (pitch or yaw). The roll
gontrol chamnel would be identical except for the automatic trim
and the Attitude Command Mode. As shown the Control Electronics
Section consists of four assemblies; the Guidance Coupler Assem-
bly, the Attitude and Translation Control Assembly, the Rate Gyro
Assembly, and the Descent Engine Control Assembly. Pilot inputs
are derived from the Attitude Controller and the Thrust Controller
as shown.

geronr  LEDSTO-1
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l.

Guidance Coupler Assembly - The Guidance Coupler Assembly

contains the mode switching for both attitude and transla-
tional control.

Rate Gyro Assembly - This assembly cantainé the rate sensors

and associated electronics for each of the three axes. To
increase reliability, a triple redundant system is presently
under consideration. This system uses three gyros per axis
and a majority vobting technique. :

Attitude and Translation Control Assembly - This assembly con-

trols the firing of the reaction jets and provides automatic
trim signals for the gimballed descent engine, It provides
the necessary signal conditioning, gain control, limiting,
ete., to all command and feedback signals.

(a) Dead-band - As shown in figure 1, each channel has an
adjustable dead band on the attitude error input. This
adjustment will probably be a two level device, a large
dead band (say + 5°) for coasting period limit cycles
where fuel economy is paramount and a narrow dead band
(say + 0.1°) for periods of mein engine thrusting. One
switch will control the dead band in all three axes,

(b) Limiter - Figure 1 shows a limiter following the dead
band on the attitude error signal. The purpose of this
limiter is to limlt the rate at which the vehicle can
change attitude and thereby conserve fuel,

(¢) Logic - The logic selects the proper reaction jets for
attitude control. The proposed 45~ rotation from the
principal axes for the Jets provides complete redun-
dancy in each axis for attitude control. If any quad
of jets was truned off for any reason, the logic would
still select the proper jets to enable firing couples
at all times for attitude control, The logic would
also "shut off both" rather than "fire both" of any
opposed jets during periods of both attitude and trans-
lational control.

(a) Pulse Generator - The pulse modulation scheme currently
under consideration is a pulse ratioc modulation scheme
which esgsentially consists of frequency medulation for
small inputs and then pulse width modulation for larger
inputs, In the Emergency Attitude mode, and for trans-
lational control the pulse generator will provide either
a single minimm impulse camnand or a low frequency
series of minimum impulses.

(e) Auto trim signal - As shown, the same signal that goes
to the pulse generator for firing the jJets also is used
to drive the gimballed descent engine. Interlocks are
provided so that the auto trim operates only when the

engine is firing.
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A~ ases oxa 2 e AL e, m s e PRIMILEERILIA S ABBRAR AT

pAtE L4 March 1963



MR N N R R
AT I

PAGE QL

C.

)’l"

Descent Engine Control Assembly - This assembly contains the
throttle servo and the gimbal drive mechanism for the descent
engine.

(a) Throttle Control - As shevn in figure 1, the throttle
servo is a position servo which positions the throttle
proportional to the electrical input signal. This in-
put signal comes from the Navigation and Guidance Sub=
system during automatic control. During hover and
landing the pilot positionsg the throttle through his
thrust controller. Methods of acceleration control
rather than thrust control are currently under consid-
eration.

(v) Gimbal Drive System - The gimballed descent engine is
used for trim only. The drive motors are of a fixed
slow speed screw-jack type to minimize power require-
ments. Automatic trim is of an open-loop type whereby
the motor runs at its fixed speed vhenever the input
signal exceeds a threshold value. Other methods of
automatic trim are also under consideration.

Attitude Controller - The attitude controller is a three-
axls right hand controller. It contains a position poten-
tiometer and a pair of detent switches in each axis. The
potentiometer provides proportional rate commands in the

" Attitude Hold Mode or proportional attitude commands in the

Attitude Command Mode (pitch and yaw only). The detent
switches synchronize the attitude follow-up function in the
Attitude Hold Mode or command jet firings in the Emergency
Attitude Mode.

Thrust Controller - The thrust controller is a left-hand con-
troller which contains a position potentiometer in one axis
only, and a pair of detent switches in each of three axes.
The potentiometer is used for proportional manual throttle
control and the detent switches are used to fire the reaction
Jets for translational control.

Modes of Attitude Control: Four modes of attitude control are

provided, Figure 2 through 5 shows gimplified block diagrams
of each.

1.

Guidance Mode - The Guidance Mode is a fully automatic mode.

Attitude error signals are sent to the S & C Subsystem from
the Navigation and-Guidance Subsystem or from the Backup
(Guidance Section. The attitude error signal is passed through
the dead band and Llimiter and combined with the rate gyro
damping signal as shown in figure 2. The resultant signal
then controls the firing of the reaction jets through the
logic and pulse generating circuits. This same signal (atti—
tude error and rate) operates the gimbal drive motor for auto-
matic trim vhen the descent engine is firing. The Guidance
Mode provides fully automatic attitude control capabilities
during all phases of the mission except hover, landing and
docking.

ger~er LED5TO-1
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2. Attitude Hold Mode - In the Attitude Hold Mode the pilot com-
mands an angular rate proportional to displacement of the
attitude controller. When the controller is in its neutral
position, the vehicle will hold attitude.

As shown in figure 3, when the controller is out of detent,
the attitude loop is opened and the attitude synch, 1s in
follow up. The potenticmeter in the attitude controller is
compared to the rate gyro, thereby providing a proportional
rate command. When the controller is returned to detent,
the rate command goes to zero and the attitude loop is
closed.,

This mode is the primary attitude control mode during the
docking phase of the mission, It would also be used any-
time the pilot wished to reorient the vehicle during coast-
ing flight.

3. Attitude Command Mode -~ In this mode the pilot commands atti-
tude proportional to his attitude controller displacement.
That is, when the pilot "tilts" the control stick, the vehi-
cle tilts; when he lets go of the stick, the vehicle erects.
This mode is used to translate during the hover and landing
phases and is mechanized in the pitch and yaw axes only
(roll remains in the Attitude Hold Mode). A procedure for
translating while hovering would be: T

(a) Pilot rolls vehicle to line it up in the direction he
wants to translate, (Roll in Attitude Hold Mode)

(b) Pilot pitches forward linear acceleration proportional
to pitch angle which in turn is proportional to pilot
input.

(e¢) Pilot centers control stick - vehicle erects and main-
tains constant linear velocity.

(d) Pilot pitches in opposite direction to stop.

4, BEmergency Attitude Mode - As the name implies this mode would
be used only under emergency conditions. It provides the
pilot only with open loop type acceleration control and is
therefore selectable on an individual axis basis. The need
for two types of emergency control is indicated; a minimum
pulse control to provide the precision necessary for. docking,
and an on-off type full thrust control for rapid maneuvering
(or unmaneuvering).

As indicated in figures 1 and 5, the on-off type of control

is called "direct" and the minimum pulse control is called
"pulse". Several types of "pulse" control are under consider-
ation; a "one-shot” type whereby one minimum impulse is
commanded each time the attitude controller detent switch

is operated; a "repeated pulse" type which commands repeated
minimum impulses at a low frequency (less than 2/sec.) as

DATE L March 1963
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long as the stick is out of detent; and a "proportional"”
type which utilizes the pot in the controller to command
proportional pulse width (still at a low frequency).

D. Translational Control: The method of translational control is
indicated in figure 1. Switches in the Thrust Controller are
used to command jet firings in an open-loop fashion,. As indi-
cated either an on-off or pulse type of control could be selected
similar to those of the Emergency Attitude Mode,

Translational control would be used during docking and possibly
for small corrections during hover and landing.

E. Throttle Control: Figure 1 shows a throttle control servo for
the engine which can accept either automatic or manual commands.
Automatic control would be provided from the N and G Subsystem
down to the hover point at which time the pilot would take over,
Several types of control are currently under consideration., These
include: throttle position control, thrust magnitude control,
and acceleration control.

F. Gimballed Descent Engine Controls Studies are presently underway
comparing & slow speed (trim only) gimbal drive system to a high
speed (maneuvering) type. For either type the input would be the
same signal that commends the reaction jet firings. For the trin
only type a slow, fixed speed drive motor could be used in an
open-loop fashion to command a fixed gimbal rate whenever the in-
put exceeded a threshold value. Interlocks would be included to
permit the automatic trim operation only when the engine is fir-
ing., Figure 1 also indicates manual trim capabilities,
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II.

Siqplified Representation of the Flight Control System Dynamics for
the Landing Simulation.

A highly schematic representation of the dynamics of the flight
control system for use in the LEM landing simulation is presented in
figures 6 and 7. These block diagrams will permit evaluation by the
pilot of these three: fully proportional gimballed engine; trimmable
engine plus reaction control system; reaction control system alone.
In addition, it will permit evaluation of several modes of emergency
operstion,

The reaction control jets are used in an on-off fashion, and the time-
lags adjusted to give proper limit cycles. Vehicle behavior in the
rate sugmented mode will appear substantially the same to the pilot
whether on-off or a pulse modulation scheme is used.

A, (General: The Flight Control System dynamics for the Phase A
Lunar Landing Simulastion have been simplified to reduce the amount
of analog computer equipment required., The following descrip~-
tion presents the simplified flight control system used in lieu
of the complete Stabilization and Control Subsystem described
in paragreph I. Major differences and/or simplifications will
be pointed out,

B, Description: Figures 6 and T are the block diagrams of the
simplified flight control system for the roll, pitch and yaw
axes. As can be seen from figure 6, the gimballed descent engine
may be used fixed, for automstic trim or for maneuvering with
slight modification of gains., The pilot inputs are obtained
from the Attitude Controller and the Descent Engine Thrust Con-
troller as shown.

1. Attitude Control Provisions - Attitude control is provided
primarily by the firing of the reaction jets, In addition
provision has been made for the evaluation of a fully pro-
portional gimballed descent engine for attitude control.

(2) Dead-bend - Provision has been made for adjustment of
time-lags to glve proper limit cycles in the simmlated
systenm.

(b) Logic - A simplified logic has been devised for attitude
control using the reaction jets, This logic is based
on the present 45° location of the jets as shown on
page 4, The actual LEM Reaction Control System Logic
is shown on page 104, while the simplified command
logic is shown on page 105, It should be noted that
while provision has been provided for translation control
along the Y and 2 axes the actual wvehicle logie is not
used in the simplified system, It is assumed that
translation eontrol lnduces no moments and the forces
act at the center of gravity.

(¢c) Pulse Generstor - The pulse modulation scheme currently
under consideration, consists of frequency modulation
for small inputs and then pulse modulation for larger
inputs. For the Landing Simulation, this scheme was

SOMEBENEA=" o T0T
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c.

simplified by using a linearized control modulation
function approximating the time-average thrust levels
obtained from the reaction jets., The reaction jet
dynamics are simulated by using the analog compuber
relay delay times to simulate lags or delays. This
simplification is considered valid as the delay time of
the computer relays are spproximately 10 milliseconds
compared to the actual jet on~delay of 6 to 10 milli-
seconds (off-delay of same magnitude) and a thrust rise

- or decay time of approx. 2 to 3 milliseconds., For the
emergency direct modes shown in figures 6 and T the
pilot is glven direct access to the reaction jets which
will essentially operate in a "bang-bang" (full on-
off) manner.

(a) Automatic Trim Signal - As shown, the same signal that
i
goes to the reaction control system for firing the Jets
also is used to drive the gimballed descent engine.

(e) Proportional Gimballed Descent Engine - Provision has
been made for readily adopting the simulation to the
use of a proportional gimballed descent engine for
attitude control in conjunction with the reaction
control system.

2. Translation Control Provision - Provision has been made in
the Lunar landing simulation for the evaluation of translation
control using the reaction jets. The control logic has been
modified for this evaluation such that only pure translation-
al accelerations are experienced by the vehicle., This sim~
plification 1s considered valid as translational control
would probebly be used during hover or landing while the
vehicle is in the attitude command mode. Translational
control is provided along the Y and Z axes only._

3. Attitude Controller - The sttitude controller is a three-
axis right hand fingertip controller, The yaw attitude is
controlled by a left-right movement of the controller amm,
the pitch attitude is controlled by fore and aft motion and
roll attitude is controlled by a twist motion of the controller.

k., Thrust Controller - The thrust controller is a left hand
controller which containg a position potentiometer in one
axis only. The time constant chosen for thrust buildup to
65% of command at the low throttling range has been selected
as .3 seconds, A modified trim detent switch has been pro-
vided at the top of the throttle and is used to fire the
reaction jets for translational control.

Modes of Attitude Control: Two modes of attitude control are
presently provided., Provision has also been made for a fully
proportional gimballed descent engine for maneuvering.

~GONHBENHAE-— 7 2
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1. Attitude Hold Mode - In the Attitude Hold Mode the pilot
commands a rate proportional to displacement of the attitude
controller. When the controller is in the neutral position,
the rate command goes to zero, the attitude loop is closed
and the vehicle will hold attitude,

2. Emergency Direct Mode - This mode provides the pilot with

direct access to the reaction jets and results in an open
loop type acceleration control., This mode is an on-off
type full thrust control with no rate feedback or attitude
hold feature.
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REACTION CONTROL SYSTEM COMMAND LOGIC
45° JET CLUSTER LOGATION, 16 JET CONFIGURATION

TORMAL OPR ON
TRANSLATION ALONG ROTATION ABOUT VEHICLE
EHICLE 2 AXES : |
é{, Y, 2 P - About X axis

Subscript 1 -~ Positive
Subscript 2 -~ Negative
Prime Denotes NOT Condition
Star Denotes Jet Selection

Q - About Y axis
R -~ About Z axis
Subscript 1 - positive
Subscript 2 - Negative
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FINAL SIMPLIFIED REACTION COINTROL SYSTEM
COMMAND LOGIC

Conditions: X =¥ = 2 = 0, No translation command logic has been included
in the simulation. All ¥ and 2 translation commonds are

assumed to act directly at the center of gravity and induce
not moments,

CORRECT VEHMICLE LOGIC ANALOG CQOMPUTER SIMULATION
T =GR, L= x24T -n)- 4] = 2207
SN Afxz-tzﬂ[%{§e~m}-ﬁ,v7 = tcﬁiT@t
C
’ﬁ%: ?E Yl= &eo&~3puc
#*
Ty = Q.+ Re U= \oios \ewel
¥
ATVL = “P‘
T@?“ Q\*Ri
¥
Tw = %

As can be seen by comparison of correct vehicle logic and the analog
computer simulation equations, moments L, M, N are equivalent to the
carrect vehicle logic in that a pure pitch roll or yaw command activate
a pair of reaction jets. There is , however, a slight deviation when
combined pitch and vehicle yaw maneuvers are commanded., In this case
the actual vehicle logic produces for this condition greater moments
than the simulated vehicle. The probable occurrence oif this combined
frequent usage of piteh and vehicle yaw is remote and will be primarily
correction inputs of short duration and transient in nature. It is not
anticipated that this simplificetion will bias the results of the Phase
A lunar landing simulation, A scheme for updating the simulation logic
has been determined and could be easily implemented if desired.
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